16S rRNA gene-based surveys clearly demonstrate that the scope of microbial diversity is much broader than implied by culture-dependent studies (12, 14) . One of the most important challenges to microbial ecologists is to elucidate the physiological properties, energy conservation pathways, and ecological significance of recently discovered, yet-uncultured microorganisms. Although creative isolation strategies are bringing some of these "unculturable" microorganisms to pure cultures (3, 9, 18) or stable enrichments (7) , the majority of novel bacterial lineages still evade isolation. An interesting alternative to isolation involves cloning and sequencing DNA directly from various ecosystems. This sequence-based analysis (metagenomics) allows an in silico investigation of various metabolic pathways utilized by novel microbial groups (8, 10, 15) .
We are currently investigating the microbial diversity in Zodletone Spring, an anaerobic sulfide-and sulfur-rich spring in Oklahoma (4, 5, 11) , with the goal of determining physiological features of uncultivated members of the microbial community. In this study, we report on the construction and screening of a metagenomic library from Zodletone Spring sediments and analysis of a 35.7-kb DNA fragment that belongs to candidate division OD1.
The spring location, geochemical characteristics, and microbial diversity have been previously documented (5, 17) . DNA extracted from the spring source sediments was separated on 1% low-melting-point agarose using a field inversion gel electrophoresis box (MJ Research Inc, Watertown, MA). The DNA fraction greater than 30 kb was excised from the gel, and the DNA obtained was ligated into a CopyControl cloning vector, pCC1FOS (Epicenter Corp., Madison, WI), and transfected into Escherichia coli strain EPI300 according to the manufacturer's instructions.
Library screening for fosmids containing 16S rRNA genes was performed on pooled DNA from 384 clones, which had been treated with Plasmid-Safe ATP-dependent DNase (Epicenter) to minimize E. coli chromosomal DNA interference. Each pool was screened using the Bacteria-specific primer pairs 8F/805R (5) and 1054-16SF/21-23S R (6). The latter pair amplifies the intergenic spacer region along with approximately the last 500 bp of the 16S rRNA. 16S rRNA gene-containing fosmids within pools were located at the intersection of pooled plate rows and columns using additional sets of primers created to identify hypervariable regions within the target 16S rRNA gene. The detailed procedures for cloning, shotgun library construction, fluorescent-based DNA sequencing, and subsequent analysis were as described previously (1, 2, 13, 16) .
Screening of a total of 19,200 clones resulted in the identification of 35 16S rRNA gene-containing fosmids (Table 1) . The phylogenetic affiliations of these clones were in accordance with our previous studies regarding the importance of sulfurtransforming and anaerobic fermentative processes in Zodletone Spring source sediments (5) . Fosmids with 16S rRNA gene sequences monophyletic with members of the chemolithotrophic sulfide-oxidizing genus Acidithiobacillus and the sulfur-respiring genus Sulfurospirillum were detected, as well as fosmids belonging to the order Chromatiales and to the ␦-Proteobacteria that could putatively be involved in anoxygenic photosynthesis and sulfur (or sulfate) reduction, respectively. Clones belonging to anaerobic fermentative groups included members of the genus Syntrophus, class Bacteroides, and order Clostridiales. Finally, several fosmids were closely related to 16S rRNA sequences previously encountered in Zodletone Spring (5), including ZFos45e05, related to the Zodletone 16S rRNA clone ZB17, both of which are members of candidate division OD1 (Fig. 1) .
Novel candidate division OD1 members are globally distributed in marine and terrestrial habitats and appear to be mainly present in anoxic environments ( Fig. 1 ; see also Table S1 in the supplemental materials). Fosmid ZFos45e05, belonging to candidate division OD1, was sequenced and open reading frames characterized (Fig. 2 and Table 2 ; see also Table S2 ). The rRNA operon organization within ZFos45e05 was differ-ent from that observed within most bacterial genomes. The 16S rRNA gene appears to be separate from both the 23S and the 5S rRNA genes. Thirteen tRNA genes were identified around the 16S rRNA gene. Fosmid ZFos45e05 has an overall low GϩC content (34.9%). The consistently low GϩC content in all genes argues that this value is a true reflection of the GϩC content of the entire genome of the microorganism. Out of 33
protein-coding open reading frames (ORFs), 13 had no orthologs in the database (Table 2) . Apparent phylogenetic affiliation of the remaining 20 ORFs indicated that their most closely related orthologs were dispersed among the bacterial, archaeal, and eukaryotic phyla. Phylogenetic analysis of three putative housekeeping genes in ZFos45e05 [DNA polymerase 1 (ORF 1), tRNA (guanine-N1)-methyltransferase (ORF 10), (Fig. 3) supported the hypothesis that candidate division OD1 is not closely related to any bacterial division with genome-sequenced representatives. The large sequence divergence which resulted in deep branching points to the potential genomic novelty of this yet-uncultured phylum of Bacteria. Four genes in ZFos45e05 potentially encode enzymes involved in metabolic processes. These include two phosphoenolpyruvate synthase gene paralogs (ORFs 13 and 15), both of which have an archaeal affiliation based on BLASTp analysis. The other metabolism-related genes were pyruvate formate lyase-activating enzyme (ORF 23) and oxygen-sensitive ribonucleoside triphosphate reductase (ORF 24), both of which are present only in anaerobic or facultative anaerobic microorganisms (Table S2 ). The genomic organization in which the latter two genes are adjacent has also been observed in Archaea (e.g., fosmids belonging to anaerobic methane oxidizing microorganisms [8] ), Pyrococcus abyssi, and Pyrolobus fumarii. This similar phylogeny and genomic organization might be indicative of ancient evolutionary traits or the occurrence of horizontal gene transfer between the aforementioned groups.
The small size of the sequenced OD1 fosmid coupled with our inability to detect more OD1 fosmids within the library renders information regarding this unique group of bacteria limited. However, this study provided several interesting ob-FIG. 1. Distance dendrogram representing the phylogenetic affiliation of selected members of the novel candidate division OD1, including the 16S rRNA gene from fosmid ZFos45e05 and 16S rRNA clone ZB17, previously encountered during a 16S rRNA gene survey of Zodletone Spring (5). The tree was constructed as previously described (4) . A more detailed phylogenetic analysis, as well as a list of partial and complete OD1 16S rRNA clones identified in the GenBank database, is available in the supplemental materials ( Fig. S1 ; Table S1 ). (Table S2) . servations, including an unusual rRNA operon organization, low GϩC content, low sequence similarity of OD1 putative gene products to their orthologs, the presence of genes encoding oxygen-sensitive enzymes, and an apparent archaeal affiliation and archaeal genomic organization of OD1 genes involved in metabolic processes. We are currently evaluating different strategies to locate more OD1 fosmids based on the information generated by sequencing ZFos45e05. This could aid in elucidating some of the metabolic pathways utilized by this bacterial division as well as in understanding its ecological significance in anaerobic ecosystems. Nucleotide sequence accession numbers. Sequences obtained in this study have been deposited in GenBank under accession numbers DQ227583 to DQ227617 and AC160099.
